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HAADF imaging in the STEM is widely used to image catalyst systems. This technique highlights the higher 

atomic number metallic nanoparticles on a lower atomic number carbon or oxide support. The only problem 

with this is the images obtained are 2D and it is hard to get an idea of the positions of the nanoparticles with 

respect to the support. This is because HAADF collects the signal in the transmission mode and the image is a 

projection of the 3D object in 2D. Ideally it is best to do electron tomography using a series of tilted images. 

There are many examples of this in literature but the whole procedure of acquisition can take several hours. A 

simpler alternative is imaging with the SE signal which can be collected simultaneously by a SE detector and 

producing topographic information from surface of the sample. Combining these 2D (HAADF) and 3D (SE) 

signals is a more convenient and informative route. In this presentation, we show how these techniques, SE 

and HAADF, could be utilized to study the precious metal catalysts on carbon support.  [1-3] 

 

The Pt/Ir catalysts on carbon support were analyzed in a Hitachi HD-2000 dedicated STEM. An SE detector 

was installed in the microscope column so both the SE and HAADF images could be acquired at the same 

time. The particle size analysis was conducted on both images to calculate the Pt/Ir metal particle size 

distribution. Figure 1 (a) shows the HAADF images of the Pt/Ir catalysts on carbon support. By correcting the 

background signal contribution, the particles were selected by intensity as shown in Figure 1(b). 95 particles 

were selected in the HAADF images, which was the total number of the particles in the area. Figure 2 (a) and 

(b) show the SE images at the same area and the highlighted particles. The defocus value was adjusted in each 

imaging mode respectively in order to maximize the number of particles in focus. In total, 28 particles were 

selected in the SE images, which would be the particles standing on the carbon support surface. If this was to 

be doubled to reflect the same number of particles at the back of the area, there would be 56 particles which 

reveal the relative proportion of surface to bulk particles. Figure 3 shows the histogram of the particle size 

distribution of both HAADF and SE images. The main particle size distribution on the carbon support surface 

was 4.5-5 nm in diameter. The particle size of all the particles in HAADF image was 4 nm in diameter. That 

means the particles standing on the support surface were relatively larger than the particles beneath the 

support surface. This result indicates that the Pt/Ir particle distribution may not be homogeneous over the 

carbon support. By comparing the highlighted particles in both HAADF and SE images, the particles on the 

carbon support surface were marked in the HAADF image, as shown in Figure 4. [4] 

 

It is clear that the particles in the other side of support would need to be imaged for a complete tomography-

like analysis, but SE imaging still gives you a clear indication of what proportions of particles are on the 

surface and a comparison of size differences between surface and bulk. This would impact on the transport of 

organic species to and from the catalyst particles, therefore the selectivity and activity of the catalyst.  
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Figure.1(Color). (a) The 

HAADF image of the Pt/Ir 

catalyst on Carbon support. 

(b) The HAADF image 

with the selected catalyst 

particles highlighted in red. 

 

Figure.2(Color). (a) The SE 

image of the Pt/Ir catalyst on 

Carbon support. (b) The SE 

image with the selected 

catalyst particles highlighted 

in red. 

Figure.3(Color). The 

Pt/Ir catalyst particle 

size distributions 

extracted from the 

HAADF and SE images. 
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Figure.4(Color). The HAADF 

image with the marked 

particles which are on the 

carbon support surface.  


